SYNOPSIS Clinical and experimental observations are described that indicate that intra-articular fibrinogenolysis is a cause of the defect of coagulation seen when blood is extravasated into a synovial joint.
The observation that blood apparently fails to clot has a years (Jaffe, 1897 ; Julliar Ropes and Bauer, 1953 (Harrold, 1960a) have varied from 7-3 to 18 8 g./100 ml., and averaged te of extravasated blood 11 0 g./100 ml. All specimens contained mucin, none l for the preservation of contained fibrinogen, and considerable haemolysis Lnd for the perpetuation was seen in all. An antithrombin titration, by the L-articular fractures. On method of Biggs and Macfarlane (1957) , was peremarthroses was under-formed on two specimens; no excess of antithrombin ence to the factors that compared with normal human plasma was demonf blood in joints.
strated. These specimens were also tested for free protease on a heated bovine fibrin plate (Astrup and ERVATIONS Mullertz, 1952) , with negative results. The fluid component of a rabbit haemarthrosis, nce fluid blood may be induced by injecting blood two hours before, was ;een to flow out of the also examined. The haemoglobin concentration was rticular clots are often identical with that of the heart blood injected, tic haemarthroses were namely, 10-3 g./100 ml. Slight haemolysis was noted. ation. The findings are The fibrinogen level was 2-3 mg./100 ml., that of the oft clots were found in plasma being 263 mg./100 ml. There was no excess antithrombin and no free protease.
E I
The fact that there was no excess antithrombin ARTHROSES and no fibrinogen suggested that it was improbable 1-2 davs 3-7 days > 7 days that blood in joints failed to clot because of interference with the generation of thrombin or its action. A. J. Harrold into the knee and shoulder joints, and by passing a 3 mm. drill across the elbow joints. Siliconed or paraffined all-glass syringes with size 12 needles were used. The joints were opened at intervals and the state of the contents determined by inspection. In eight haemarthroses caused by drilling across the joint, and explored five, 10, 20, 40, 60 minutes and two, three, and four hours later, bloody fluid with no clot was discovered. In 17 haemarthroses produced by injecting blood, and explored 10, 15, 20, 30, 40, 60 minutes, and five and six hours later, partial clotting was observed in 14. The joints in which no clot formed were three of five that received only 1 0 ml. blood. There was norelationshipbetween the quantity of clot found and the time since the haemarthrosis started and therefore no suggestion that clot lysis was occurring during the period of observation.
FIBRINOGENOLYSIS IN JOINTS
The evidence for fibrinogenolysis in synovial joints has already been described (Harrold, 1960b) . When citrated plasma was injected into the knee of an anaesthetized rabbit, 3 to 4 months old, serial estimations showed a fall of fibrinogen level to zero within one and a quarter hours, a fall which was appreciably slower in fully grown rabbits (Fig. 1 (o-o) and human blood ( x -x) were used. The exceptional third clot weight in the experiment with human blood may be attributed to contamination of the test tube.
EFFECT OF SPEED OF COAGULATION ON CLOT WEIGHT IN
vrnRo Standardized human brain thromboplastin giving a one-stage prothrombin time on normal human plasma of 15 to 20 seconds was prepared, and 0-1 ml. placed in the test-tube before adding the blood. A large weight of clot rapidly formed, decreasing to a steady level over the following hour. The final clot weight was greater, in four experiments, by an average of 18 % over that obtained when no thromboplastin was added. Conversely, if clotting were delayed by placing the blood in siliconed tubes, the final clot weight was less by 15 %. obtained was corrected to the weight per millilitre of blood, thus allowing for either the effect of further bleeding into the joint, or more often, for leakage of blood out of the joint along the needle track and down the tibialis anterior tendon sheath.
The results in eight experiments in rabbits 3 to 4 months old are given in Table II . On average the corrected joint clot weights were 60% of those of the controls in vitro.
TABLE II DEFECT OF CLOT WEIGHT IN JOINTS EFFECTS OF DILUTION OF BLOOD ON CLOT WEIGHT IN
vIrRO When rabbit blood was diluted with saline, serum, or plasma the final clot weight obtained from 1-0 ml. diluted blood was directly proportional to the red cell content of the mixture. Diluting the blood with a suspension of red cells in saline had little effect on the clot weight up to 50% dilution but had an increasing effect after this (Fig. 3 Fibrinogenolysis occurred more slowly in old rabbits than young. The corrected joint clot weights in three rabbits 14, 7, and 10 months old were 66, 89, and 97 % of the controls respectively, averaging 84%. Fibrinogenolysis takes time, and if clotting is accelerated by adding thromboplastin, the effect of fibrinogenolysis on clot weight should be much reduced. The weights were compared of clot obtained from 1-0 ml. blood in vitro and in a joint when 0-1 ml. standardized thromboplastin had been added to the tube and to the joint immediately before the blood. In four experiments the corrected joint clot weights were 75, 82, 98, and 96 % of the controls, averaging 88 %.
Fibrinogenolysis does not occur after death. One millilitre of blood was injected into one knee of an anaesthetized rabbit. After two hours the joint was opened and the clot collected in the usual way. Just before arthrotomy 1-0 ml. blood was injected into the opposite knee and the animal immediately killed. Body temperature was maintained in the hot room at 37°C. After a further two hours the second knee was opened and the clot extracted and weighed. The joint clot weights were compared with those of controls in vitro. In four experiments the dead joint clot weights were 81, 120, 64, and 96% of the controls, averaging 90%. The living joint clot weights were 58, 68, 48, and 65 % respectively (average 60%).
DISCUSSION
These experiments support the view that fibrinogenolysis is responsible for at least part of the defect of clot formation noted when blood coagulates in a synovial joint. Fibrinogenolysis takes at least one hour to go to completion, but the conversion of fibrinogen to fibrin in the absence of added thromboplastin has also been shown to be a relatively slow process.
It is possible that, as a result of fibrinogenolysis, secondary anticoagulant factors appear (Stormorken, 1957; Triantaphyllopoulos, 1958; Niewiarowski, Latallo, and Stachurska, 1959) which, by delaying clotting, favour more fibrinogenolysis. These factors are, however, labile and disappear with further proteolysis.
The presence of plasmin activator in joint tissues (Astrup and Sj0lin, 1958; Lack, 1959) , the inhibitory effect of heparin and soy bean inhibitor, and the observation that fibrinogenolysis is slower in older rabbits than in the young, are all compatible with fibrinogenolysis being caused by activation of the plasmin system.
When blood is shed into a synovial joint the plasma fibrinogen becomes the substrate for two competing reactions, namely, conversion to fibrin by thrombin or fibrinogenolysis, probably by plasmin. The balance between these reactions is probably affected by the age and species of the subject, the severity of the joint injury and hence the concentration of thromboplastin liberated, and by the speed of entry of the blood, a slow ooze probably favouring fibrinogenolysis by allowing time for secondary anticoagulant factors to appear. The absence of thromboplastin in normal human joint tissues (Astrup and Sj0lin, 1958 ) also favours fibrinogenolysis rather than blood clotting.
The bulk of blood clot formed in a joint may later be diminished by the lysis of red cells that seems to be a constant feature of haemarthroses.
